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ABSTRACT
Our simultaneous three-colour (BV R) polarimetric observations of the low-mass black hole X-
ray binary V404 Cyg show a small but statistically significant change of polarization degree
(∆p ∼ 1 per cent) between the outburst in June 2015 and the quiescence. The polarization
of V404 Cyg in the quiescent state agrees within the errors with that of the visually close
(1.′′4) companion (pR = 7.3±0.1 per cent), indicating that it is predominantly of interstellar
origin. The polarization pattern of the surrounding field stars supports this conclusion. From
the observed variable polarization during the outburst we show that polarization degree of the
intrinsic component peaks in the V -band, pV = 1.1±0.1 per cent, at the polarization position
angle of θV = −7◦ ± 2◦, which is consistent in all three passbands. We detect significant
variations in the position angle of the intrinsic polarization in R band from −30◦ to ∼ 0◦
during the outburst peak. The observed wavelength dependence of the intrinsic polarization
does not support non-thermal synchrotron emission from a jet as a plausible mechanism,
but is in better agreement with the combined effect of electron (Thomson) scattering and
absorption in a flattened plasma envelope or outflow surrounding the illuminating source.
Alternatively, the polarization signal can be produced by scattering of the disc radiation in a
mildly relativistic polar outflow. The position angle of the intrinsic polarization, nearly parallel
to the jet direction (i.e. perpendicular to the accretion disc plane), is in agreement with these
interpretations.
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1 INTRODUCTION
V404 Cyg is a low-mass X-ray binary (LMXBs) consisting of a
black hole (BH) and a late K-type companion star with masses
(8−12)M and (0.5−0.8)M, respectively (Shahbaz et al. 1994;
Khargharia et al. 2010; Casares & Jonker 2014), with the error be-
ing dominated by the uncertainty in the orbital inclination. The dis-
tance to this source is known to a high precision 2.39± 0.14 kpc
(Miller-Jones et al. 2009). V404 Cyg had been known as Nova Cyg
1938 and went into outbursts also in 1956 and 1989 (Richter 1989).
On the latter occasion the source was also detected in the X-rays as
an X-ray nova GS 2023+338 (Makino et al. 1989).
One of the last outbursts of the source took place in 2015 June
? E-mail: ilia.kosenkov@utu.fi
(Barthelmy et al. 2015) after 27 years of quiescence. In the peak of
the outburst, the object showed very erratic behaviour with flares
reaching a few tens of Crab in the hard X-ray domain; account-
ing for bolometric correction, this would correspond to the Edding-
ton luminosity for a 10 M BH (Segreto et al. 2015; Rodriguez
et al. 2015b,a). The X-ray luminosity, however, still might be only
a small fraction of the total one. The presence of the narrow iron
Kα line with the equivalent width of about 1 keV and a hard contin-
uum imply that the central engine might not be observed directly
but only through transmission in a powerful, optically thick out-
flows (King et al. 2015). Thus the actual luminosity in the peak
was likely in excess of Eddington. This interpretation is supported
by the fast optical and X-ray variability (Kimura et al. 2016, see
Figs 1 and 2) that can be associated with the disc thermal insta-
bilities as well as with the absorption in the clumpy wind, both are
c© 2017 The Authors
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characteristic of the accretion rates approaching the critical Edding-
ton value.
Polarimetry is a powerful tool that can probe the geometry and
the physical mechanisms producing optical – near infrared (ONIR)
radiation in LMXBs. There were several reports of ONIR polariza-
tion observations of V404 Cyg during its outburst and shortly after
it had ended (Tanaka et al. 2016; Shahbaz et al. 2016; Itoh et al.
2016). However, the presented results do not agree with each other:
Tanaka et al. (2016) argued in favour of non-variable polarization
predominantly of interstellar origin, while Shahbaz et al. (2016) ob-
served high and strongly variable intrinsic polarization. The main
source of the optical emission of V404 Cyg in the quiescent state is
the late K-type star (Hynes et al. 2009; Khargharia et al. 2010) and
therefore is unlikely to be polarized. Thus polarization observed
in this state can be used to estimate the effects of the interstellar
medium (ISM).
During the outburst, the ONIR luminosity of the compact ob-
ject increases by several orders of magnitude, completely outshin-
ing the second component of the system. The polarized emission
can be produced by a number of mechanisms (see also Veledina
et al. 2013). First, radiation from the outer parts of the standard ac-
cretion disc, irradiated by the X-ray emission from the BH vicinity,
can be polarized by scattering in the disc atmosphere, with the po-
larization degree being dependent on the ratio of the absorption to
scattering opacity (Nagirner 1962). Second, the jets detected in the
BH X-ray binaries (see review by Fender & Gallo 2014) includ-
ing V404 Cyg (J. Miller-Jones et al., in prep.) can become a source
of variable polarized light (e.g. Zdziarski et al. 2014) due to the
nature of synchrotron radiation in ordered magnetic field. Third,
the non-thermal electrons accelerated within the hot inner accre-
tion flow may emit synchrotron radiation, which in principle can
be polarized depending on the magnetic field structure (Poutanen
& Veledina 2014). Fourth, the accretion disc radiation can be scat-
tered in the mildly relativistic outflow emanating from the central
BH (Beloborodov 1998; Beloborodov & Poutanen 1999). Finally,
as the X-ray luminosity of V404 Cyg was super-Eddington dur-
ing flares in the outburst peak, powerful outflows can be formed
(Shakura & Sunyaev 1973; Poutanen et al. 2007) blocking radia-
tion produced in the BH vicinity and reprocessing its large fraction
into softer radiation in an extended envelope. There are also obser-
vational evidence that rather strong outflows are present in V404
Cyg (King et al. 2015; Mun˜oz-Darias et al. 2016). The radiation
from the outflow may be also polarized if the spherical symmetry
is broken (Dolginov et al. 1995).
The aim of the present paper was to study polarized ONIR
emission with a high-precision polarimeter which does not have in-
strumental polarization. The high polarimetric accuracy and excep-
tional care is required in the case of V404 Cyg because of a large
interstellar polarization and a need to carefully subtract it from the
full signal to unveil a weaker intrinsic polarization. In Section 2, we
present our polarimetric observations in BV R filters of V404 Cyg
during and after its outburst in 2015 June complemented by po-
larimetry of a sample of the field stars. We also present the X-ray
data obtained with Swift satellite. Section 3 is devoted to the analy-
sis of the polarimetric data of the source and of the field stars with
the subsequent derivation of the intrinsic polarization of V404 Cyg.
We discuss the obtained results and compare them with previously
published polarimetric data in Section 4, where we also present our
interpretation of the results. We conclude in Section 5.
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Figure 1. The 2015 June-July outburst of V404 Cyg. From top to bottom:
panels (a) and (b) show the observed polarization degree and polarization
position angle of V404 Cyg in three bands; panel (c) gives the ONIR light
curves from Kimura et al. (2016) (error bars are smaller than the symbols).
2 OBSERVATIONS AND DATA ANALYSIS
2.1 Polarimetry
We have made polarimetric observations of V404 Cyg during the
outburst on 5 nights in 2015 June 21–26 with the KVA 60 cm tele-
scope at Observatorio del Roque de los Muchachos (ORM), La
Palma, and during quiescence on five nights in 2015 July 2–7 with
the 4.2 m William Herschel Telescope (WHT) at ORM using the
polarimeter Dipol-2 (Piirola et al. 2014). Polarimetry of V404 Cyg
was carried out in the quiescence also at the 2.2 m University of
Hawai’i telescope (UH88) at Mauna Kea on two nights of 2016
September 19–20, using another copy of Dipol-2, identical to that
used at ORM. Journal of the observations of V404 Cyg is given in
Table 1 and the main results are shown in Fig. 1.
The polarimeter, Dipol-2, is capable of making simultaneous
measurements in three passbands (BV R) with high sensitivity. The
detection limit of polarization is at the level of 10−5, set in practice
by photon noise. An important asset of the instrument is that the sky
background polarization is directly (optically) eliminated. The per-
pendicularly polarized components of sky are superimposed by the
plane parallel calcite beam splitter, and sky polarization is thereby
canceled (Piirola 1973). This is essential, as the polarized flux from
MNRAS 000, 1–12 (2017)
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Table 1. A log of observations of V404 Cyg.
B V R
MJD p θ p θ p θ Telescope
(per cent) (deg) (per cent) (deg) (per cent) (deg)
57195.16 – – 7.22±0.18 7.7±0.7 7.29±0.07 5.3±0.3 KVA
57196.15 – – – – 7.55±0.23 5.1±0.9 KVA
57197.15 8.40±0.21 6.6±0.7 7.64±0.08 8.6±0.3 7.66±0.03 6.9±0.1 KVA
57199.14 9.57±0.55 8.0±1.6 7.28±0.10 9.1±0.4 7.31±0.06 7.5±0.2 KVA
57200.14 – – – – 7.37±0.10 7.5±0.4 KVA
57206.01 7.66±0.29 8.6±1.1 6.63±0.09 10.5±0.4 7.13±0.05 7.9±0.2 WHT
57207.12 8.28±0.43 6.7±1.5 6.52±0.09 11.5±0.4 7.16±0.07 7.5±0.3 WHT
57208.11 7.88±0.22 6.9±0.8 6.68±0.11 11.0±0.5 7.16±0.08 7.4±0.3 WHT
57209.10 7.94±0.49 11.8±1.8 6.64±0.14 11.8±0.6 6.95±0.09 7.3±0.4 WHT
57210.11 7.38±0.75 8.4±2.9 6.41±0.14 11.3±0.6 7.17±0.10 8.2±0.4 WHT
57651.37 – – 6.81±0.46 10.5±1.9 7.25±0.31 5.4±1.2 UH88
57652.31 – – 8.23±0.60 8.5±2.1 7.49±0.26 8.5±1.0 UH88
Combined data
57195–57200 8.55±0.20 6.7±0.7 7.47±0.06 8.6±0.2 7.51±0.03 6.8±0.1 KVA
57206–57210 7.84±0.16 7.9±0.6 6.58±0.05 11.1±0.2 7.13±0.03 7.7±0.1 WHT
57651–57652 – – 7.32±0.38 9.7±1.5 7.37±0.21 7.2±0.8 UH88
Companion star
57206–57210 – – 6.64±0.21 11.9±0.9 7.28±0.09 8.5±0.4 WHT
57651–57652 – – – – 7.25±0.35 8.3±1.4 UH88
Note: The degree of polarization (p) and the position angle (θ ) in the BV R bands are given for nightly averages as
well as for the combined data, computed by weighted averaging of the Stokes parameters of individual
observations. Errors are 1σ .
scattered skylight can exceed by orders of magnitude the signal
from the target, particularly in bright Moon conditions. Dipol-2
has been found to be very stable and reliable instrument as demon-
strated recently by detection of the variable polarization at 0.1 per
cent level from a massive binary HD 48099 (Berdyugin et al. 2016).
The Dipol-2 polarimetry routine consists of cycles of 16 ex-
posures at different orientations of the superachromatic half-wave
retarder (22.◦5 steps), corresponding to a full (360◦) rotation of the
retarder. Each successive 4 exposures give one independent mea-
surement of the normalized Stokes parameters q and u. Accord-
ingly, one cycle provides four independent measurements of q and
u. Typically, either two or four cycles were carried out on each ob-
serving night for V404 Cyg, yielding either 8 or 16 measurements
of q and u, used then to compute the nightly average polarization.
The error estimate of the polarization degree was computed as the
quadratic mean of the standard errors of the mean values for q and
u:
εp =
√
(ε2q + ε2u )/2. (1)
This formula is valid under conditions when the normalized Stokes
parameters q and u are measured simultaneously and εp p, which
is always the case in our observations of V404 Cyg. In the ideal
case, when εq = εu (see e.g. Serkowski 1962; Clarke & Grainger
1971) equation (1) gives εp = εq = εu. The error estimate for the
polarization angle can then be expressed in terms of polarization
degree and its error as
εθ = 28.◦65 εp/p. (2)
With typical exposure times of 15 s on the WHT and UH88 and 30–
45 s on the KVA and a ∼3 s readout time between the exposures
(3 cameras operating simultaneously), the total telescope time used
for V404 Cyg on each night was about 10–20 min at WHT and
UH88 and 20–40 min at KVA.
Standard CCD reduction procedures (bias and dark subtrac-
tion, flat fielding) were applied prior to extracting the fluxes from
the double images of the target, formed onto the CCD by the po-
larizing calcite beam splitter. Special centering algorithm and sub-
framing procedures were used to facilitate processing a large num-
ber, up to several hundred, of exposures at the same time. In com-
puting the mean values of q and u we applied a “2σ” iterative
weighting algorithm. The initial mean and standard deviation were
obtained applying equal weights to all points. Then on each step
individual points deviating more than two standard deviations from
the mean (d > 2σ ) were given a lower weight, proportional to the
inverse square of the error estimate, εx. The value εx =σ for d < 2σ
was assumed to increase linearly from εx = 1σ to 3σ with d in-
creasing from 2σ to 3σ . Points with d > 3σ were rejected. The
procedure converges fast and values of mean and standard deviation
are obtained within a few iterations. Under normal conditions, 6–8
per cent of individual points deviated more than 2σ and were given
lower weight (W < 1). The remaining 92–94 per cent of points were
equally weighted (W = 1). The weighting procedure helps to sup-
press effects from transient clouds, moments of bad seeing, cosmic
ray events, etc.
The instrumental polarization produced by the telescope was
determined by observing a number (10–20) of unpolarized nearby
stars. The Stokes parameters of the instrumental polarization
(qtel,utel) were obtained as the average from the sample, with an
uncertainty of less than 3× 10−6 in each passband, and were sub-
tracted from the measured values of the Stokes parameters q and
u. For each of the three telescopes, Cassegrain focus was used
and the instrumental polarization was negligible (less than 10−4)
in the present context. Polarization position angle zero-point was
determined by observations of large polarization standard stars:
HD25443, HD161056, HD204827, BD+25 727, and BD+59 389.
We also checked for possible scale correction factors of the polar-
ization degree, and found evidence of small calibration coefficients
MNRAS 000, 1–12 (2017)
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Table 2. Coordinates of the observed field stars in the direct vicinity of
V404 Cyg.
Star RA (J2000) Dec. (J2000) Name
404 20:24:03.83 33:52:02.2 V404 Cyg
4040 20:24:03.80 33:52:03.6 Close companion
4041 20:24:03.00 33:51:29.3
4042 20:23:57.13 33:52:39.3
4043 20:24:10.23 33:53:02.8
4044 20:23:49.22 33:50:09.4
4045 20:23:49.69 33:48:24.6
4046 20:24:12.84 33:50:11.7
4047 20:24:19.96 33:47:44.1
4048 20:23:49.92 33:54:49.7
4049 20:24:19.63 33:52:42.4
40405 20:24:02.35 33:54:04.8 USNO-B1.0 1239-00424177
40408 20:23:43.00 33:51:12.9 USNO-B1.0 1238-00434864
40409 20:24:25.29 33:53:24.4 TYC 2693-1473-1
40410 20:24:28.28 33:51:13.2 TYC 2693-1457-1
40411 20:23:59.44 33:46:53.9 EM* VES 209
40412 20:24:00.09 33:46:35.3 2MASS J20240008+3346353
40413 20:24:20.44 33:56:25.7 HD332228
40416 20:24:24.17 33:47:17.7 TYC 2693-1483-1
40417 20:24:18.09 33:57:56.6 TYC 2693-483-1
40418 20:23:39.00 33:56:33.0 TYC 2680-177-1
40420 20:23:26.24 33:50:05.2 TYC 2680-419-1
40421 20:24:32.62 33:57:59.0 TYC 2693-573-1
40423 20:23:49.02 33:43:15.5 TYC 2676-7-1
40425 20:23:17.95 33:51:57.6 TYC 2680-329-1
40427 20:23:29.85 33:45:19.6 TYC 2680-269-1
(1.02–1.04) needed in the V and R passbands. Though these dif-
ferences can be partially due to systematic errors in the published
values (Hsu & Breger 1982; Turnshek et al. 1990; Schmidt et al.
1992), we have applied the corrections to bring our data into the
system commonly used by other investigators. Careful determina-
tion of the angle zero-point rules out a possibility of systematic
difference in determination of polarization angle made with the dif-
ferent telescopes.
To study interstellar polarization in the direction of V404 Cyg,
we have measured polarization of a sample of stars in the 10′×10′
area of the sky around V404 Cyg (see Table 2). These observations
have been done with the UH88 telescope in 2016 June 16-27 and
September 18–25. Exposure time was set in the range of 5–15 s, de-
pending on the brightness of the star. Mean values of Stokes param-
eters q and u for each star have been obtained by averaging 8–16
single measurements. Polarization of the close visual companion
star, located at 1.′′4 north of V404 Cyg (Udalski & Kaluzny 1991),
was measured on four nights of the WHT observing run (Table 1).
For very faint and red stars, polarization in the B-band cannot be
determined with sufficient level of confidence. We emphasize that
our study of polarization of V404 Cyg at the outburst and after it,
as well as the observations of the field stars, have been done with
the same instrument. The same methods of observation, calibra-
tion and data reduction have been applied to all data allowing us to
avoid any systematic biases and/or offsets which may appear when
polarization data obtained with the different instruments at differ-
ent wavelengths are combined together. This is a major difference
between our and recently published studies of polarization in V404
Cyg (Tanaka et al. 2016; Shahbaz et al. 2016).
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Figure 2. The X-ray light curves of V404 Cyg. Panel (a) shows unabsorbed
X-ray luminosity measured with Swift/XRT in the 0.5–10 keV band (black
squares) as well as the bolometric luminosity estimated from the INTE-
GRAL IBIS/ISGRI count rate in the 25–60 keV band (see text for the de-
tails). Panel (b) shows the photon index Γ as measured in the Swift/XRT
band.
2.2 X-ray data
V404 Cyg shows fast variability in all spectral ranges. To search
for possible correlations with polarization, we were interested in
monitoring data in both soft and hard X-ray energy bands. Such
data were collected by the Swift observatory (Gehrels et al. 2004)
and the INTEGRAL (Winkler et al. 2003) which monitored V404
Cyg during the outburst.
The Swift/XRT telescope (Burrows et al. 2005) covering soft
X-ray band (0.2–10 keV) performed observations both in photon
counting (PC) and windowed timing (WT) modes. We used all ob-
servations during the active phase of the outburst available in the
archive. The spectrum for each observation was extracted using the
online tools provided by the UK Swift Science Data Centre (Evans
et al. 2009).1 The obtained spectra were grouped to have at least
one count per bin and were fitted in 0.5–10 keV band in XSPEC
package using Cash statistics (Cash 1979). The simplest spectral
model (absorbed power-law, i.e. PHABS×POWER in XSPEC) was
used for the fitting procedure. The hydrogen column density NH
was found to be variable between ∼ 0.5× 1022 and ∼ 5× 1022
cm−2. The latter value is higher than the Galactic absorption value
in this direction, NH = 0.7× 1022 cm−2, given by Kalberla et al.
(2005). However, an independent determination of the absorption
value and photon index Γ results in a substantial increase of un-
certainty on both parameters due to narrowness of the Swift/XRT
energy band. On the other side, we checked that the X-ray flux (see
1 http://www.swift.ac.uk/user_objects/
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Fig. 2(a)) depends on NH only weakly and the Galactic absorption
value can be used for the robustness. Such approach is valid for this
work because we are interested only in general trends in the X-ray
flux and its correlation with the polarization behaviour. V404 Cyg
shows strong variability of the X-ray spectrum (see Fig. 2(b)) being
first very hard, then becoming very soft by the end of the outburst
around MJD 57200–57202 and suddenly becoming hard again on
MJD 57203 with the simultaneous drop of the X-ray flux by orders
of magnitude, which would correspond to the transition to the hard
state (Zdziarski & Gierlin´ski 2004).
In hard X-ray band (25–60 keV) V404 Cyg was monitored by
the INTEGRAL IBIS/ISGRI telescope (Ubertini et al. 2003) during
the revolutions 1554–1563 (MJD 57190–57216). The light curves
in the 25–60 keV energy range were obtained from the INTE-
GRAL Science Data Centre2 and converted to the bolometric lu-
minosity assuming a constant count rate from the Crab Nebula of
147 cnt s−1 in the same energy range and a bolometric correction
factor of Lbol/L25−60 = 9.97 (Kimura et al. 2016). We see strong
variations in the hard X-ray flux in 25–60 keV energy band by al-
most three orders of magnitude on the timescale of hours (see red
dots in Fig. 2(a)), with the peak (bolometric) luminosities reaching
the Eddington value for a 10 M BH.
3 RESULTS
3.1 Polarization of V404 Cyg
Fig. 1 shows the degree of polarization, p, and the polarization po-
sition angle, θ , of V404 Cyg in the BV R bands, as well as the light
curves in several passbands. The first set of our polarization obser-
vations was obtained with the 60 cm KVA telescope during the peak
of the outburst (MJD 57195–57200). The brightness of the source
was in the range of mV = 11.5−14.5, strongly variable on the time
scale of several hours (Kimura et al. 2016). Nearly equal average
polarization is observed in the R and V bands, pR = 7.47±0.06 and
pV = 7.51± 0.03 per cent, while in the B band p is significantly
larger (up to 9.57± 0.55 per cent on MJD 57199). The position
angle θ has increased by 1◦−2◦ during these 5 days.
Polarimetric observations continued on MJD 57206–57210 at
the WHT when the source was already in the quiescent state: the
ONIR brightness had dropped by 5 magnitudes and the X-ray flux
was lower by 3 orders of magnitude (Fig. 1c and Fig. 2a). The sec-
ond set of observations gives evidence of a change between the
outburst and the quiescence, both in the degree of polarization and
the position angle, with pB, pV and pR reduced to 7.84± 0.16,
6.58± 0.05, 7.13± 0.03 per cent on MJD 57206–57210, respec-
tively.
The wavelength dependence of p and θ of V404 Cyg shows
a peculiar profile with a significant dip in polarization longward
of the B-band, as can be seen in Fig. 3, where the average values
of p and θ during and after the outburst are presented. V404 Cyg
polarization in quiescence is remarkably similar to that of its close
companion, for which we have obtained measurements in the V
and R bands (Table 1). This indicates that the polarization of V404
Cyg in quiescence is very likely of interstellar origin (Fig. 3). The
difference between the activity states is also shown on the (q,u)
plane (Fig. 4). Red triangles denote mean values, averaged over
2 http://www.isdc.unige.ch/integral/Operations/Shift/
QLAsources/V404_Cygni/V404_Cygni.php; Kuulkers (2015).
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Figure 3. Average polarization degree (top) and position angle (bottom)
of V404 Cyg (combined KVA data during the outburst and WHT data in
quiescence) and its close companion. The values for V404 Cyg during the
outburst and in quiescence are shown by filled and open black circles, re-
spectively; the companion star is shown with the blue squares.
periods of the same BH state. There is also evidence of night-to-
night variability of the polarization during the active phase.
Because of the large distance, the location close to the galac-
tic plane, and therefore large extinction, AV = 2.8 – 4.4 (Shahbaz
et al. 2003), one can expect a strong interstellar component in the
observed polarization of V404 Cyg. In the case of V404 Cyg, a sig-
nificant dip in polarization in the V band, which appears both in the
outburst and quiescence (pB > pV and pV < pR, see Fig. 3), is un-
usual and cannot be explained by light scattering in the disc or syn-
chrotron emission from a jet. Such a behaviour is neither consistent
with dominant contribution of a single ISM component approxi-
mated by Serkowski’s law (Coyne et al. 1974). The wavelength-
dependence of the position angle of both V404 Cyg in quiescence
and the companion is also not consistent with being produced in
single ISM cloud. This strongly suggests that the ISM on the line
of sight has a complex structure, consisting of several screens with
different particle size distributions and directions of the magnetic
field. Their combined contribution to polarization can produce the
observed wavelength dependence of p and θ .
3.2 Polarization of the field stars
In order to estimate the interstellar polarization in the direction of
V404 Cyg, we have carried out a polarization study of the stars in
MNRAS 000, 1–12 (2017)
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Figure 4. (q,u)-diagrams of V404 Cyg in the B, V , and R bands (from left to right and from top to bottom). The filled black circles show the day-by-day
data for the outburst, while the black open circles correspond to the quiescence. The red filled/open triangles give the average values for the outburst/quiescent
states, respectively, while the blue square gives the data for the close companion. The lower right panel presents the average (q,u) values during the outburst
(circles) and in quiescence (squares) with the arrows indicating the change in polarization of V404 Cyg.
the field of V404 Cyg. The same method has been used by Tanaka
et al. (2016) and Itoh et al. (2016), but both these studies have been
done mostly in the near-IR wavelength range (from R to Ks). Our
polarimeter has an important advantage of providing the data in the
B (for most of the observed field stars) and V bands (for all stars).
This allows us to study not only the degree and direction of the
ISM polarization, but also its wavelength dependence in the ONIR
range. Fig. 5 shows polarization of stars in a region around V404
Cyg in the R band. Most of the stars with relatively high polariza-
tion have the same θ as V404 Cyg and its close companion. This
correlation is also seen in the B and V bands. Stars with relatively
small polarization (p ≤ 1 per cent), however, show directions of
polarization, which differ from θ of V404 Cyg by 40◦−50◦. This
can be seen also in Fig. 6, where θ–p diagram is presented. The
same effect is clearly seen in fig. 3 of Tanaka et al. (2016).
From our analysis of the polarization of the field stars we can
draw several important conclusions on the nature of the ISM polar-
ization in the direction of V404 Cyg:
(i) All field stars observed by us with p exceeding 5 per cent
have θ in the range of 0◦−25◦. The similar picture is seen on Fig-
ure 3 of (Tanaka et al. 2016) for all stars with p > 2 per cent. The
stars from our sample with p > 5 per cent (including V404 Cyg it-
self) also share peculiar wavelength dependence of polarization. To
emphasize this, we have plotted a wavelength dependence of polar-
ization degree and polarization angle for the stars in a small region
of 2.′1× 2.′1 with the center at V404 Cyg position. The results are
shown in Fig. 7.
(ii) The peculiar wavelength dependence of p and θ is likely a
result of the presence on the line of sight towards V404 Cyg of (at
least) two screens (clouds) with different properties of the interstel-
lar dust and different directions of the magnetic field. Large inter-
stellar polarization of the distant stars and V404 Cyg is produced
by the propagation of light through these multiple clouds.
(iii) Due to the complex nature of the screens, ISM polarization
towards V404 Cyg cannot be approximated by Serkowski’s law.
Therefore, the parameters of the Serkowski’s law, pmax and λmax,
derived by Shahbaz et al. (2016) from the polarization measure-
ments of V404 Cyg in the quiescence and Itoh et al. (2016) in the
outburst (both without knowing the value of polarization in the blue
wavelengths) are meaningless.
(iv) The polarization of the close visual companion of V404
Cyg (star 4040) measured in the V and R bands agrees within the
errors with the polarization obtained for V404 Cyg in the quies-
cence, which indicates that the observed polarization of V404 Cyg
after the outburst is indeed predominantly interstellar. This fact
also allows us to suggest that visual companion is spatially close
MNRAS 000, 1–12 (2017)
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Table 3. Polarimetric observations of field stars in the B, V , and R bands with UH88. Errors are 1σ .
B V R
Star p θ p θ p θ
(per cent) (deg) (per cent) (deg) (per cent) (deg)
4040 – – 6.64±0.22 11.9±0.9 7.28±0.09 8.5±0.4
4041 – – 6.33±0.14 10.9±0.6 7.08±0.08 7.9±0.3
4042 – – 7.09±0.42 11.0±1.8 8.47±0.17 9.1±0.6
4043 6.92±0.29 3.1±1.2 5.20±0.15 10.5±0.8 6.47±0.07 10.8±0.3
4044 5.05±0.42 178.9±2.4 5.14±0.02 10.9±0.1 6.04±0.01 6.2±0.1
4045 0.77±0.02 32.2±0.7 0.85±0.03 34.5±1.0 0.80±0.02 33.0±0.9
4046 – – 5.95±0.45 10.5±2.3 7.40±0.13 5.8±0.5
4047 6.68±0.55 18.3±2.3 6.22±0.12 24.6±0.6 6.91±0.07 22.6±0.3
4048 6.53±0.20 6.2±0.9 5.98±0.04 11.5±0.2 6.49±0.02 9.3±0.1
4049 – – 6.74±0.16 19.2±0.7 7.49±0.05 15.6±0.2
40405 5.85±0.36 5.8±1.8 5.68±0.05 13.2±0.3 6.21±0.02 11.9±0.1
40408 0.41±0.07 57.4±4.9 0.36±0.03 69.8±2.1 0.53±0.05 69.4±2.6
40409 1.22±0.02 17.1±0.6 1.13±0.01 16.9±0.2 1.19±0.01 15.6±0.2
40410 0.18±0.01 57.1±1.9 0.17±0.01 52.3±2.5 0.17±0.01 51.1±1.4
40411 2.01±0.03 166.2±0.4 2.06±0.03 166.7±0.4 2.03±0.02 165.4±0.2
40412 6.28±0.12 2.5±0.6 3.06±0.01 13.4±0.1 3.50±0.01 8.8±0.1
40413 0.82±0.01 56.8±0.2 0.86±0.01 56.9±0.5 0.84±0.01 57.5±0.4
40416 0.23±0.02 67.0±2.8 0.20±0.02 65.0±2.5 0.23±0.01 66.5±1.8
40417 0.13±0.02 80.5±3.7 0.16±0.01 80.9±2.1 0.13±0.01 67.7±1.5
40418 0.98±0.02 167.7±0.7 1.01±0.02 168.8±0.5 0.98±0.01 169.6±0.4
40420 0.60±0.02 54.3±1.1 0.57±0.02 56.3±1.1 0.55±0.01 53.8±0.8
40421 0.68±0.02 46.0±1.0 0.61±0.01 48.5±0.5 0.64±0.01 46.7±0.2
40423 0.63±0.02 58.2±0.7 0.67±0.01 59.6±0.5 0.69±0.01 59.6±0.5
40425 0.75±0.03 51.9±1.0 0.76±0.01 51.4±0.5 0.76±0.02 50.4±0.7
40427 0.82±0.03 60.0±0.9 0.85±0.01 59.5±0.3 0.85±0.01 60.1±0.3
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Figure 5. Polarization of the field stars (black lines, circles) as well as V404
Cyg (thick red line, triangle) in the R band. North is up and east is to the
left.
to V404 Cyg and might be physically bound (with separation of
∼3500 AU).
(v) The results obtained by us on the ISM polarization in the
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Figure 6. Position angle – polarization degree diagram of V404 Cyg (red
triangle), close companion (blue square) and nearby stars (black circles) as
observed in the R band.
direction of V404 Cyg emphasize the importance of multiwave-
length polarimetry, which, preferably, should be done also in the
blue passband.
Among the field stars we have detected an object with strongly
peculiar polarization, peaking in the blue. This star, 40412 (2MASS
J20240008+3346353), is also very red, with B− R = 4.1 mag.
We conclude this object is most likely intrinsically polarized. The
sharp increase of polarization in the B-band is probably due to the
Rayleigh scattering by dust particles in a circumstellar envelope.
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Figure 7. Wavelength dependence of p and θ of stars within 2 arcmin of
V404 Cyg. Field star labels are explained in Table 2.
3.3 Intrinsic polarization of V404 Cyg
Polarization of V404 Cyg changes with time as the luminosity
drops down after the peak around MJD 57200 (see Figs 1 and 2).
We split our observations into two groups, one containing observa-
tions before MJD 57200.5 and another after that date. Fig. 4 show
changes in the (q,u) parameters of V404 Cyg during the transition
from one state to another. We have shown above that the polariza-
tion in the quiescence aligns well with the polarization of the close
companion and the nearby stars (Fig. 7). Accordingly, there seems
to be an intrinsic source of polarization that is only present during
an active phase, contributing about 1 per cent to the net observed
polarization of V404 Cyg. Assuming that the polarization in the
quiescence is produced by the ISM, we then can obtain the intrin-
sic polarization of V404 Cyg in the active phase by subtracting the
average (q,u) of the quiescent state from the (q,u) obtained during
the outburst (see Fig. 4, bottom right panel).
The error estimate of the intrinsic polarization was computed
as εin =
√
ε2out + ε2qui, where εout and εqui are the errors of the out-
burst and quiescence polarizations, respectively, and is based on a
standard error propagation method. This formula is applied to q and
u parameters as well as to the polarization degree p. The error on
polarization angle is given by equation (2). The average intrinsic
polarization p has the maximum of about 1 per cent in the V band.
The position angles obtained in the BV R bands are consistent with
each other.
To prove the significance of change in polarization between
outburst and quiescence, a statistical test should be applied. How-
ever, as polarization is a derived quantity and is not averaged di-
rectly, it is incorrect to test the change in polarization degree. In-
stead, one needs to consider averaged q and u Stokes parameters
of combined data. The multivariate Hotelling’s T 2 test (Hotelling
1931) can be used to estimate significance of difference between
averaged (q,u) parameters of two datasets. The smallest value of
t2 is expectedly obtained in B band (t2B = 8), while t
2 in other
bands are much larger (t2V = 178, t
2
R = 115). The random vari-
able f = n1+n2−k−1k(n1+n2−2) t
2 has an F-distribution with parameters k and
n = n1 + n2 − 1− k. Here k = 2 is the number of variables and
n1,n2 are sizes of the combined data sets of observations made
during the outburst and in quiescence, with n1 + n2 being equal
to 110,122,150 in B, V and R bands, respectively. The obtained
f -values in each band are fB = 3.9, fV = 88 and fR = 57. The
significance can then be easily estimated using the regularized in-
complete beta-function as 1− Ix(k/2= 1,n/2) = (1−x)n/2, where
x = k f/(n + k f ). Thus we get the probabilities of the outburst
polarization being equal to the quiescence polarization of 0.022,
4×10−24 and 5×10−19.
Fig. 9 depicts changes in the intrinsic polarization with time
during the active phase (see also Table 4). The position angle θ in
the R band gradually changes with time from −31◦ on MJD 57195
to ≈ 0◦ on MJD 57197 and further on. Similar variations are seen
in the V band, with θ varying from −17◦ to −7◦ during the same
time span. Due to the large errors on position angles it is not ob-
vious whether the observed trends are significant. We tested the
deviation of intrinsic angle from the weighted mean over 5 nights
and obtained χ2 for V and R bands. With weighted means equal to
−7◦[173◦] and−12◦[168◦] in V - and R-bands, respectively, χ2V = 4
with 2 degrees of freedom and χ2R = 51 with 4 degrees of freedom.
These values of χ2 correspond to the probabilities that θ does not
change equal to 0.135 and 2× 10−10 in V - and R-bands, respec-
tively. Thus variations in V are not significant, but changes in R are
highly significant.
3.4 Summary of the main results
Our ONIR polarization observations of V404 Cyg during the June
2015 outburst and the quiescence have showed that there is a highly
significant difference in the Stokes parameters (q,u) between the
activity states in all three passbands used (Fig. 4, lower right panel).
The variable polarization of V404 Cyg indicates there is an intrin-
sic source of polarization responsible for the observed changes in p
and θ . As was discussed in Section 3.2, the polarization profile of
the field stars in the direction of V404 Cyg and the visually close
(1.′′4) companion match the profiles of V404 Cyg during its quies-
cence, indicating that the quiescence polarization is of interstellar
origin.
The intrinsic source of polarization, which was present dur-
ing the active phase, contributes 0.5–1.0 per cent to the overall
observed polarization of the object, reaching the maximum in the
V band. The polarization angle of the average intrinsic compo-
nent does not significantly depend on wavelength. However, there
is some evidence of variation of the intrinsic polarization dur-
ing the active period. Although the degree of the intrinsic po-
larization, p, seems to remain almost constant in both V and R
bands, the position angle θ shows gradual changes with time from
−17◦[163◦]±5◦ to −5◦[175◦]±2◦ in V and very significant vari-
ations from −31◦[149◦]± 3◦ to −3◦[177◦]± 2◦ in R in two days
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Table 4. Intrinsic polarization degree and angle of V404 Cyg in the BV R bands for five nights during the outburst and for the combined data.
B V R
MJD p θ p θ p θ
(per cent) (deg) (per cent) (deg) (per cent) (deg)
57195.16 – – 1.04±0.19 −16.7±5.2 0.62±0.07 −30.8±3.3
57196.15 – – – – 0.78±0.23 −22.1±8.4
57197.15 0.68±0.26 −9.6±11.0 1.23±0.09 −5.4±2.1 0.57±0.04 −3.1±2.3
57199.14 1.73±0.57 8.4±9.4 0.86±0.11 −7.1±3.7 0.19±0.07 −0.3±9.9
57200.14 – – – – 0.25±0.10 1.7±11.3
57195 – 57200 0.79±0.26 −5.1±9.3 1.07±0.08 −7.0±2.1 0.46±0.04 −7.6±2.7
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Figure 8. Intrinsic average polarization degree p (top panel) and polariza-
tion position angle θ (bottom panel) of V404 Cyg as functions of the wave-
length.
(MJD 57195–57197) with θR being nearly constant after that until
MJD 57200 (see Table 4).
4 DISCUSSION
4.1 Comparison with other observations
Several reports of polarization observations of V404 Cyg during its
active phase have been published. However, the time intervals when
the observations were made differ, and it is not always possible
to directly compare the results. Furthermore, because V404 Cyg
appears quite red, accurate data are reported mostly in the R band.
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Figure 9. Intrinsic polarization p (top panel) and position angle θ (bottom
panel) as functions of time.
Tanaka et al. (2016) observed V404 Cyg starting from
MJD 57190 for 4 nights using two instruments, in the R and the
Ks bands. On night of MJD 57194, observations in the V RcIcJHKs
have been made. The data obtained show that there was no sig-
nificant variability in p and θ in the R band, at least during the
nights of MJD 57193 and MJD 57194. Polarization degree and po-
larization angle obtained at Pirka/MSI (pR = 7.77±0.01 per cent,
θR = 6.◦19± 0.◦03 on MJD 57193) are consistent with our results
(Fig. 1ab). Polarization in the V -band of 8.9± 0.1 per cent, how-
ever, measured on MJD 57194 (Itoh et al. 2016) is significantly
higher than pV = 7.22±0.18 per cent measured by us on the next
day. An extensive polarization survey of the field stars in the near-
IR, with the few stars measured also in the V -band, have been done
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by Itoh et al. (2016). Main results of this survey agree with our data
obtained on the field stars very well (compare fig. 3 from Tanaka
et al. 2016 with our Fig. 6). The authors concluded that V404 Cyg
polarization is predominantly of interstellar origin, with possible
contribution from intrinsic component of not more than few per-
cent, which again agrees with our estimations of intrinsic polariza-
tion, pR = 0.46±0.04 to pV = 1.07±0.08 per cent.
Shahbaz et al. (2016) observed variable polarization during
the active phase. However, even though their observations at the
TNG were made on the same night MJD 57197 as one of our sets,
we are unable to compare them directly with our measurements, be-
cause the original polarization data obtained in the r′ band were not
given in their paper. The intrinsic polarization derived by Shahbaz
et al. (2016) is 3.5–4.5 per cent, which is significantly higher than
the intrinsic R band polarization (0.46±0.04 per cent) obtained by
us. If one takes into account the value of the subtracted ISM po-
larization adopted by Shahbaz et al. (2016), pISR = 7.41±0.32 per
cent and θ ISR = 7.
◦2± 1.◦1 (see their Table 1), and add the respec-
tive Stokes parameters to the ones obtained from polarization data
(shown on their fig. 3), the estimate of the observed (measured at
the TNG) polarization is pobsR = 10−12 per cent.
This is much higher than polarization in the R-band measured
by us (pR = 7.66± 0.03 per cent on MJD 57197). We cannot ex-
plain this difference between our and TNG measurements made on
the same night MJD 57197. We can only note that TNG polarime-
ter, installed in the Nasmyth focus, has the variable instrumental
polarization of about 2–3 per cent which must be carefully cali-
brated and removed (Giro et al. 2003). Our instrument, the Dipol-
2, benefits from being free of any instrumental polarization at the
level of less than 0.01 per cent.
The observed polarization of V404 Cyg, measured at the
TNG, also appears to be much higher than all other measurements
obtained in the outburst by other observers: pR = 7− 8 per cent
(see Section 3.1 in Shahbaz et al. 2016 where these values of po-
larization are given). At the same time, the intrinsic mean polar-
ization angle θ = −9◦[171◦] presented in Shahbaz et al. (2016) is
consistent with what we observed: from −5◦[175◦]± 9◦ in B to
−8◦[172◦]±3◦ in R (see Fig. 8).
Lipunov et al. (2016) have reported a detection of variable po-
larization in V404 Cyg with the amplitude of 4–6 per cent over a
timescale of approximately 1 hr on two epochs during the outburst.
The setup which was used by for polarimetry of V404 Cyg with the
MASTER robotic net does not allow to measure a true polarization
(i.e. Stokes parameters q and u) with a single telescope, but rather a
difference in fluxes recorded with two different CCD detectors on
two different telescopes, equipped with orthogonally oriented po-
larizing filter. This difference, as they argue, allows to measure a
lower limit of the true polarization. Obviously, this setup makes the
accurate calibration of instrumental polarization, which can be field
dependent, literally impossible. It can neither effectively eliminate
the influence of sky polarization, clouds, etc. Therefore Lipunov
et al. (2016) must rely on the comparison of polarization of V404
Cyg with the field-star polarization, assumed to be of interstellar
origin and therefore constant. We note that in addition to V404 Cyg
there is at least one field star which clearly shows fast polarization
variability with the amplitude of at least 2 per cent, which exceeds
the error bar by a factor of ∼10 (see the uppermost green symbols
for the field stars in their fig. 1). We can compare this with the vari-
ablity of V404 Cyg itself, shown on the same figure: the amplitude
is ∼4 per cent, and the error bar of > 1 per cent (i.e. exceeding 10
times the error for the abovementioned field star). It is thus obvious
that there is at least one more star in the field which shows very fast
variability at much higher confidence level than V404 Cyg. This
raises the doubts on the quality of the data coming from MASTER
polarimetry and the reality of the claimed polarization flares.
4.2 Interpretation
The data show variations of the polarization angle θ with time
which is the most pronounced in the R-band (see Fig. 9). Inter-
estingly, the range of measured θ (from−30◦ to 0◦) coincides with
the position angles of jet ejections that are resolved by the VLBI
(J. Miller-Jones et al. 2017, in prep.). Because our observations are
rather short and not strictly simultaneous with the VLBI observa-
tions, we cannot claim here that there is a definite relation between
the polarization position angle and the jet directions. However, the
coincidence is intriguing.
Do these observations then imply that ONIR polarized emis-
sion is produced by the jet? Not at all. The intrinsic spectral po-
larization profile of V404 Cyg shows a maximum in the V -band
with pV reaching 1.23±0.09 per cent on MJD 57197 and polariza-
tion drops towards R-band by a factor of two to pR = 0.57± 0.05
per cent measured on the same day (see Fig. 9). If the jet were
the source of polarized flux, we would expect exactly opposite be-
haviour with the polarization growing toward the red just because
the ONIR jet spectrum is much softer (redder) than the accretion
disc spectrum (see e.g. Gandhi et al. 2011; Russell et al. 2013).
Furthermore, the radio flux observed by RATAN and NOEMA on
MJD 57199–57200 is very low (see fig. 10 in Rahoui et al. 2017)
implying the jet contribution of at least two orders of magnitude
below the observed flux in the ONIR range. This clearly shows that
the jet cannot be responsible for observed polarization.
On the other hand, the observed wavelength dependence of
polarization resembles that of Be stars, where electron scattering in
a circumstellar disc leads to the intrinsic polarization of about 1.0–
1.5 per cent (Poeckert et al. 1979). Although Thomson scattering
opacity is independent of the wavelength, the degree of polarization
is reduced and the spectral shape of the polarized flux is modified
by hydrogen absorption in Balmer and Paschen series (Nagirner
1962; Poeckert & Marlborough 1978). Also dilution by unpolar-
ized free-free and dust emission from the envelope around the ac-
cretion disc may contribute towards the red; such a component has
indeed been observed as an NIR excess above the Rayleigh-Jeans
tail (Rahoui et al. 2017).
Studies of Be stars show that the degree of intrinsic polariza-
tion decreases in hydrogen lines and across hydrogen series limits.
Our observations in the BV R bands are made between the Balmer
and Paschen limits, but Hγ (λ = 4341 A˚) and Hα (λ = 6563 A˚)
lines are within the B- and Rc-filter, respectively. The lines may be
partially responsible for the decrease of polarization in these bands.
However, during the outburst the line contribution to the continuum
flux does not exceed 10 per cent (Mun˜oz-Darias et al. 2016), im-
plying that the observed form of p(λ ) is not related to the lines.
If our interpretation of the wavelength dependence is correct, we
expect that the polarization degree will be strongly reduced to the
blue of the Balmer limit and slightly increased to the red of the
Paschen limit (Poeckert & Marlborough 1978). Decrease of polar-
ization in the B-band could also be partly due to the relatively low
signal-to-noise ratio of our polarimetry in the blue wavelengths.
Geometrical properties of the emitting region and its optical
depth also play a significant role in polarizing the radiation. The de-
gree of polarization depends on the ellipticity of the source. Spher-
ical regions produce no polarization, while slab-like structures may
produce significantly linearly polarized radiation up to tens of per
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cent, depending on optical depth and the role of electron scattering.
For optically thick, electron-scattering dominated envelopes the in-
trinsic polarization is < 12 per cent and is parallel to the disc plane
(i.e. perpendicular to the disc normal) and the equatorial plane of
a flattened ellipsoidal shell (Chandrasekhar & Breen 1947; Chan-
drasekhar 1960; Sobolev 1949, 1963). In the optically thin case, po-
larization is parallel to the disc normal and can reach higher values
(Sunyaev & Titarchuk 1985; Beloborodov & Poutanen 1999; Vi-
ironen & Poutanen 2004). Intermediate ellipsoids introduce small
polarizations of the order of a few percent (Dolginov et al. 1995;
Gnedin & Silant’ev 1997), which is the case of Be stars.
The ONIR emitting region, of course, does not need to have an
ellipsoidal shape. A slow accretion disc wind may be concentrated
to the equatorial plane. The presence of such a wind occupying a
rather large solid angle is supported by the observed very broad
P Cyg profiles in the optical (Mun˜oz-Darias et al. 2016) as well as
in the X-ray (King et al. 2015) lines. In this case, the polar scat-
tering region which induces polarization parallel to the disc plane
might be completely missing. This would result in the net polariza-
tion parallel to the disc normal.
Scattering in the polar region may also induce parallel polar-
ization if the outflow is mildly relativistic (Beloborodov 1998; Be-
loborodov & Poutanen 1999), because relativistic aberration causes
a limb brightening of the disc radiation in the outflow frame. The
wavelength dependence of the polarization degree can be repro-
duced in this case if the scattered radiation is blue-shifted relative
to the seed disc radiation (which is actually expected if the electron
temperature or the bulk motion of the outflow is mildly relativistic)
and there is a diluting red unpolarized component coming from the
wind (Rahoui et al. 2017).
The impact of absorption opacity can also be significant, re-
ducing importance of scattering and leading to a rotation of the
polarization plane by 90◦ (relative to the case of pure scattering)
at some (typically close to the slab normal) viewing angles known
as Nagirner effect (Nagirner 1962; Dolginov et al. 1995; Gnedin
& Silant’ev 1997). Thus both optically thin, electron-scattering-
dominated envelopes and those with significant absorption produce
polarization parallel to the disc normal (and therefore the jet di-
rection). A small observed value of polarization and a strong wave-
length dependence, however, imply that it is the interplay of scatter-
ing and absorption in a flattened envelope that might be responsible
for the observed properties.
Because of the high source luminosity likely above the Ed-
dington at least on some occations during the outburst (see Fig. 2a
and Segreto et al. 2015; Rodriguez et al. 2015a,b) and the evidence
of a strong wind (King et al. 2015; Mun˜oz-Darias et al. 2016), it
is very likely that a significant fraction of the ONIR radiation is
produced in the outflow (Poutanen et al. 2007). In many respects
V404 Cyg is similar to V4641 Sgr, which also showed bright op-
tical emission which was interpreted as evidence of a large enve-
lope enshrouding the central BH accreting at super-Eddington rate
(Revnivtsev et al. 2002a,b). The strong iron line observed in both
cases (King et al. 2015; Revnivtsev et al. 2002b) implies that the
X-rays from the central source have to diffuse through an enve-
lope. The picture thus emerges that the best model describing the
orientation of the polarization angle along the jet direction and the
wavelength dependence of the polarization degree together with the
sharp variability in the optical and X-ray bands is the equatorial,
clumpy, not fully ionized wind. Alternatively, the polarized signal
may also be produced in the polar mildly relativistic outflow in
combination with a diluting red unpolarized component. The data
at hand do not allow to differentiate between the models.
5 CONCLUSION
We observed V404 Cyg polarization during the 2015 June outburst
and in the quiescence, in the broad BV R bands. Variable source po-
larization was detected in the active phase. We carried out a survey
of surrounding field stars in order to determine the properties of
interstellar polarization in the vicinity of V404 Cyg.
The magnitude and direction of polarization of V404 Cyg in
the V and R bands in quiescence are very close to those of the vi-
sually close (1.′′4) companion. We consider this as an evidence that
these two stars are spatially close and might be physically bound.
Polarization direction and wavelength dependence of V404 Cyg in
quiescence are similar to those of the nearby field stars. Therefore,
it must be predominantly of interstellar origin. The obtained intrin-
sic polarization during outburst shows variability with the polar-
ization angle changing on the time scale of 2–3 days from −31◦
to ∼ 0◦, in the range of the position angle of the multiple ejec-
tions observed with the VLBI on the same days. The wavelength
dependence of the intrinsic polarization, peaking in the V band and
decreasing towards the red, indicates that the source of the intrinsic
polarization most likely is not the synchrotron emission from the
jet. On the other hand, the data are consistent with the interpreta-
tion that polarization arises in a flattened envelope (outflow) that
fully enshrouds the accretion disc around the BH or, alternatively,
by scattering of the disc radiation in the mildly relativistic polar
outflow.
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